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(54) SEMICONDUCTOR ARITHMETIC CIRCUIT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To perform polynomial addition processing fast with small 
area by adding all the bits of data in binary notation which are inputted at the same 
time at a time and converting an analog signal which has linear relation with the 
addition result into a digital signal. 

SOLUTION: Input terminals 301-307 are coupled with floating electrodes 311-317 
through capacitors to generate analog voltages to be supplied to the floating 
electrodes as an addition means of input bits. The floating electrodes are the gate 
electrodes of neuron MOS transistors and neuron MOS inverter circuits 321-327 
which are different in threshold value are constituted. Then the inverter circuit 321 
outputs 0 to an output terminal 331 when the batch addition result is >1the inverter 
circuit 322 outputs 0 to a terminal 322 when the batch addition result is >2and so on 
the inverter circuits 323-326 output 0; and the inverter circuit 327 outputs 0 to a 
terminal 337 when the batch addition result is >7and consequently 7 input bit data are 
added together at a time. 



CLAIMS 



[Claim(s)] 

[Claim 1]A circuit adding two or more data by which the binary representation was 

carried out characterized by comprising the following. 

A terminal for inputting said two or more data simultaneously. 

A means to bundle up to ail bits of two or more of said datato perform an add 

operationand to generate related analog the added result and primary or multi valued 

signaland a means to change said analog or a multi valued signal into a digital signal. 

[Claim 2]Said semiconductor arithmetic circuit according to claim 1 said two or more 
data's comprising a 1-bit signalrespectivelyand putting in block the 4th [ or more ] 
paragraph of itand adding it. 

[Claim 3]Said semiconductor arithmetic circuit according to claim 1 carrying out two 
or more paragraph packageand adding a bit group who comprised two or more 
continuous bits. 

[Claim 4]A semiconductor arithmetic circuit comprising of claim 1 thru/or claim 3 
given in any 1 paragraph: 

An electrode electrically made into floating as a means to generate said analog signal. 
A means to have two or more input terminals connected with said electrode via 
capacity of a predetermined sizeand to input predetermined bit signals of said data 
into said input terminal. 

[Claim 5]A semiconductor arithmetic circuit of claim 2 thru/or claim 4 given in any 1 
paragraph having at least I MOS transistors by which an on-off state is controlled by 
said electrode. 

[Claim 6]A semiconductor arithmetic circuit of claim 2 having a means to connect 
with a signal wire in which said electrode had predetermined potential via at least I 
switches thru/or claim 5 given in any 1 paragraph. 

[Claim 7]An output of the 1st inverter circuit is connected in the 2nd input and 1st 
point of contact of an inverter circuitAn appearance mosquito of said 2nd inverter is 
connected in an input and the 2nd point of contact of said 1st inverterA 
semiconductor arithmetic circuit of claim 2 using an arithmetic circuit which produces 
and cheats out of potential difference between said 1st point of contact and the 2nd 
point of contact based on a voltage signal produced in said electrode thru/or claim 6 
given in any 1 paragraph. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application]This invention relates to a semiconductor arithmetic circuit. In 



particularin the field of the add operation of many paragraphsand the multi-line 
addition in ******it is related with the semiconductor arithmetic circuit for 
considering it as high-speed and small circuitry. 
[0002] 

[Description of the Prior Art]The addition in a semiconductor arithmetic circuit 
processes by dividing into every [ of data ] bit (a "bit" shows the binary number value 
of a single figure) input data ("data" shows the whole 1 paragraph of the input which 
comprises two or more bits on these specifications) in the conventional binary digital 
processingit has realized by using a full adder element for each. 
[0003]Since a full adder element is 3 input 2 output elementif a carry signal is 
considered to be one inputthe dyadic operation can constitute the system which can 
be processed satisfactorily. Howeverto add many paragraphsit is necessary to 
combine a full adder with multistageand complication and large-scale-ization of a 
circuit cannot be escaped, although multi-paragraph summing processing is data 
processing produced in various fieldsas especially the multiplication of four operations 
is also realized by many additionit is processing indispensable to data processingand 
development of the multi-paragraph addition basic element which changes to a full 
adder is desired. 
[0004] 

[Problem(s) to be Solved by the Invention]Thenan object of this invention is to 
provide the semiconductor arithmetic circuit for realizing multi-paragraph summing 
processing with a high speed or a small area. 
[0005] 

[Means for Solving the Problem]In a circuit adding data in which the binary 
representation of the semiconductor arithmetic circuit of this invention was carried 
outit had a terminal for inputting data simultaneouslyand it bundled up to all bits of 
said dataan add operation was performedand it had the added resulta means to 
generate a primary related analog signaland a means to change said analog signal into 
a digital signal. 
[0006] 

[Example]Although an example is raised to below and this invention is explained to it 
in detailit cannot be overemphasized that this invention is not what is limited to these 
examples. Although the example using neurone MOS transistor as an element which 
performs package addition especially is shownwhat is necessary is just to be a circuit 
element which generates an analog signal with the primary relation to an added 
resultand the circuit which generates analog currents with the primary relation to an 
added result may be sufficient. 

[0007]The concept of the word "bit group" who use by this invention is shown in 
drawing 1 . [ the databitand bit group ] 

(The 1st example) Drawing 2 shows the concept of an adding machine. 
Conventionallyas shown in drawing 2 (a)although only the circuit which outputs one 



carry (carry signal) and one added result in two pieces or inputting three pieces 
existedbit datain this example ( drawing 2 (b))seven inputs are added collectivelyand it 
has become a circuit adding the input of the 4th [ or more ] paragraph so that the 
circuitry which outputs a total of three-piece ** may be taken. 

[0008] Drawing 3 is a circuit diagram showing drawing 2 (b) in details more. This circuit 
is a circuit which carries out package addition of the seven input bit data. The number 
of the terminals which are outputting "0" of the inner binary of the seven output 
terminals 331332333334335336and 337 expresses an added result. An input bit is 
given to seven input terminals301302303304305306and 307. This terminal is combined 
with the electrode made into floating of 31 131 231 331 431 531 6and 317 via the capacity 
of a predetermined sizeand the analog voltage (there may be offset voltage) given to a 
floating electrode with the averaging of an input bit is produced, this floating electrode 
— neuron MOS transistors (artificer — Tadashi Shibata.) Becoming a gate electrode 
of Tadahiro OmiJP3-6679Aand JP4-81 6971 Athis neurone MOS transistor constitutes 
the neurone MOS inverter circuits 321322323324325326and 327 from which a setting- 
out threshold differsrespectively. The setting-out threshold was set up by giving 
or potential GND to six terminals in parallel with an input terminal. The package added 
result (0-7) of the neurone MOS inverter circuit 321 is one or moreOis outputted to 
the output terminal 331 and the inverter circuit 322 takes the flume bypass 
composition from which a package added result outputs "0" for "0" to 337 or more 
by seven following 332 in a package added result with an output and the inverter 
circuits 323-326 in the inverter circuit 327 or more by two. 

[0009]Although it is circuitry which expresses an added result by the number of the 
terminals which are outputting "0" of the inner binary of seven output terminals in 
this examplelf an output is circuitry which is a binary or a digital signaleven if it 
outputs the added result of 0-7 with the binary number of a tripletit will not matter 
even if it expresses with the discrete value of 0-7for example. Although the neurone 
MOS inverter circuit is used in this exampleWhat is necessary is just circuitry by 
which a binary or digital signal outputs are made to a setting-out thresholdand it is a 
neurone MOS sense amplifier type circuit (artificer: refer to Koji KotaniTadashi 
ShibataTadahiro Omiand Japanese Patent Application No. No. 2441 [ seven to ].). It is 
also available that one of the examples is shown in drawing 4 . Although set up in this 
example by giving V^^ or potential GND to six terminals which added the setting-out 
thresholdThe subtracting function of the input which is a function which resets a 
floating gate electric charge may be usedand it does not matter even if it sets up by 
the potential difference given to the node of the right and left of a neurone MOS 
sense amplifier type circuit. 

[0010](The 2nd example) The 2nd example of this invention is a semiconductor 
arithmetic circuit which carries out two or more paragraph packageand adds the bit 
group who comprised two or more continuous bits. Although this example shows the 
semiconductor arithmetic circuit which performs package addition to the 9th 



paragraph by dealing with input and output as a group bit of the continuous tripletthis 
invention may not be bound by the grouping of a tripletfor exampleZ bits grouping and 
4~bit grouping may be sufficient. Package addition of the 9th paragraph is taken up as 
an example because 9 paragraph 1 ****** is the most efficient arity by blocking of a 

triplet. 

In after comparing with conventional technologyas long as it is package addition 
beyond two or more paragraphsaddition of any paragraph may be sufficient. 

[001 1]3 bit-block-ized package adder circuit is a circuit where each bit of input and 
output of the package adder circuit shown by (b) of said drawing 2 was transposed to 
the bit by which grouping was carried out. Since the effect of this blocking can 
oppress the number of outputs as compared with a 1-bit package adding machineit 
demonstrates an effect especially for addition of small arity. Drawing 5 is a figure 
showing the effect of the 3 bit~group-ized technique. Each is shown when a full adder 
is usedthe bit package addition technique is used about the operation adding data of 
nine lines with sufficient digit numberand the 3 bit-groupHzed technique is used. 
[GDI 2](a) When the conventional full adder is usedattach even the portion enclosed 
with the rectangular head in a figureone full adder is requiredand since an added 
result and a carry signal arise in eachwith the 1st step of full adderthe result of no 
less than six lines remains in the place which carried out the input of nine lines. 
Although the graphic display has not been carried out after thatsix lines is inputted 
with the 2nd step of full adderthe result of four lines is obtainedthe 3rd step will carry 
out the input of four linesand addition will follow it by flume **********. It is very 
closely related for a full adder being 3 input 2 output circuit that these nine lines turn 
into six linesand becomes subsequently to four linesand the number of lines becomes 
decrease intermediary ****** every [ 3 / 2/]. 

[0013](b) Since this package adding machine is 9 input 4 output when the 1-bit 
package addition technique shown in said 1st example is usedinput data of nine lines 
can be made into four lines. Since this can reduce the number of lines greatly by the 
effect of the package addition from six lines at the time of using a full adderit can 
realize addition at high speed. 

(c) Since each input data will be used in the group unit of a triplet if the groove-ized 
algorithm of a triplet used in the 2nd example is usedall the numerical values in the 
rectangular head in a figure bundle up addition of three bit groups of nine linesit is 
inputtedand is added. For examplethe added result 502 to which grouping of the carry 
ingredient 503 to which grouping of the triplet was carried out by package addition of 
501 and the triplet was carried out will arise. Thussince - ******** of triplet 9 
paragraph serves as 9 input 2 output circuitinput data of nine lines can be reduced at 
a stretch at only two linesand the effect of the bit block-ized technique is made clear. 
[001 4] Drawing 6 is a circuit diagram of 1 ******** of nine lines by the grouping of a 
triplet. This circuit comprises the portion 602 which outputs the added result (0-7) 



called the carry signal (0-7) generating part 601 which is roughly divided and is called 
the stage land the stage 2. The output of each stage is given with the terminal 
number which is outputting the inside "1" of the seven output terminals 61 1-61 7 and 
621-627. Since the added result of the stage 2 is realized by the operation (package 
added result 1 carry-signal x8)the input to the stage 2 needs to change (the output of 
the carry signal = stage 1) to a package added result. A switch group for that is 
"INPUT/CARRYSELECTOR" 603. The stage 1 and the stage 2 both take the almost 
same compositionand comprise a logicaHdecision circuit where seven setting-out 
thresholds shown with the triangle in a figure differ. 

[0015] Drawing 7 is an example using the neurone MOS sense amplifier type circuit 
which was being made into said logical-decision circuit. Although the sense amplifier 
section is the same as what was shown in drawing 4 it is omitting about four MOS 
transistors used as a switch. Nine input data which carried out grouping of the triplet 
is given to an input terminal so that it may have the connection capacity ratio 
4;2:1from a high order bit in the electrodes 701 and 702 made into floating. 
Therebythe analog voltage (there may be offset voltage) given to a floating electrode 
with the averaging of input data arises. This floating electrode is a gate electrode of 
the neurone MOS transistors 703 and 704The conductance between the sauce drains 
of each neurone MOS transistor changes with the height of the voltage of each 
floating gateand the potential difference of the output nodes 705 and 706 is produced 
with the conductance. 

[001 6] Although the sense amplifier circuit of this example took the composition which 
inputs data into both neuron MOS transistorsthe sense amplifier which inputs data 
only into one side may be sufficient as itand a voltage drive type sense amplifier may 
be sufficient as it. If a logical-decision circuit is a circuit which can perform a 
threshold operation based on the potential of a floating gatewhat kind of circuit may 
be sufficient as itfor examplea neurone MOS inverter circuit may be used for it. 
[001 7] Drawing 8 is a timing chart for realizing subtraction on the stage 2. Dynamic 
type sense AMBU currently used operates by resetprechargeand the repetition that 
are 3 cycles of amplification (this corpus albicans of operation has given details to the 
patent of said sense amplifier). The stage 2 is processing the pipeline inside by 
carrying out 1 cycle delay ****** to three cycles of the stage 1. 
[001 8] Drawing 9 is a waveform of operation about the sense AMBU circuit which is 
equivalent to a **** sense amplifier and 23.5 in the threshold which is equivalent to 
7.5 to a package added result (0-63) among seven sense amplifiers of the stage 1. As 
for the waveform 901a yellowtail charge clock and the waveform 903 of a reset clock 
and the waveform 902 are waveforms of an amplification clock. The waveforms 904 
and 905 are the inputted voltage and the input which becomes the voltage equivalent 
to the added result 7 and the added result 8 is carried out to the circuit equivalent to 
the threshold 7.5To the sense amplifier equivalent to the threshold 23.5the added 
result carried out an input called 23 and 24and has measured performing the right 



threshold operation to it. The measurement results of the both-outputs node of 
sense AMBU are 906 and 907. At the time of prechargea both-outputs node becomes 

and latches the result in Judgment of a resultand its following cycle by the 
following amplification cycles. That isthe portion divided into "0" and "1" shows the 
result. Since the output is reversed by the case where "8" is inputted as the case 
where "1" is inputtedit turns out that the operation is correctly performed by making 
"7.5" into a threshold. It turns out that the threshold operation is correctly done from 
the result being reversed in each input of "23" and "24" also about the threshold of 
"23.5/' 

[0019](The 3rd example) The 3rd example of this invention is a circuit realizing the 
circuit which performs the add operation of multiplication in size small at high speed 
by using a package adding machine. Although the use example of the package adding 
machine in this invention has indicated only this multiplierin addition to thisit is used 
for image processing etc. as a useand is not limited to a multiplier. 
[0020]If calculation by writing is developed using the technique of existing from the 
former called "Booth Decoder" in the case of 16 bit multipliersit is developed by a 
maximum of nine lines like drawing 10 and it is necessary to add this at high speed. 
Although the conventional full adder needed to combine five steps of full adders with 
this addition and had speed an area problema circuit is realizable with only one step 
of package adding machine by what the package adding machine of the triplet of nine 
lines shown by drawing 7 is combined for like drawing 1 1 (the inside FSU of a figure is 
a package adding machine). 

[0021]In this examplesince the package adding machine of triplet 9 paragraph was 
usedlimited to 16 bit multipliersbut. If the adding machine which can carry out 
package addition of the number of lines produced in the calculation by writing of the 
multiplier in one step is usedit can be adapted for any multipliersfor exampleif a 4-bit 
17 paragraph package adding machine is useda maximum of 33-bit multiplier is 
realizable. 64 bit multipliers are using "Booth Decoder"and since the line of a 
maximum of 33 lines arisesif the package adding machine of drawing 7 is 
usedcalculation is realizable in the combination of two steps of package adding 
machines. This combination is shown in Drawing 12. The continuation adder unit of 64 
bit multipliers is realizable by arranging this unit for every group of 3 bits each. 
[0022]Pipeline **** is made between the 1st step and the 2nd step of 1 ********and 
as shown in drawing 13 it operates by the gap of one cycle between the 1 st step and 
the 2nd step. It characterizes also by using the latch function of sense AMBU for the 
memory between pipelines. Since having been shown in drawing 14 is constituted [ 64 
bit multipliers ]when the conventional full adder is used and the package adding 
machine of 7 input 3 output of drawing 3 is used as a representative as an example of 
the circuit which does not carry out bit block-izationit is comparison of each 
parameter at the time of using the package adding machine of the triplet of nine lines 
as bit-block-izing. Speed is the result of asking in a simulation about the circuit of a 



1 -micron design rule. A Cap. number expresses the size of the capacity of nuMOS 
and is setting capacity size of the minimum input to 1. When the package adding 
machine of 7 input 3 output is usedthere are few area and number of stageses than 
CMOS structurebut there is a problem of being a low speed. Although the case where 
the triplet package adder circuit of nine lines is used can be most realized by by 
PURAIN processing at high speed and can be realized by about 1-/a transistor count 
three as compared with the case of a CMOS full addervery big capacity is required. 
Howeverl capacity may be smaller than one transistorand also the area which this 
capacity occupies by applying various art currently used by DRAMssuch as adoption 
of three-dimensional structure capacity and a high permittivity insulator layeris 
minimizedand circuit structure is small made rather than a CMOS full adder. In CMOS 
structurethe wiring arranged in order to combine 3082-piece no less than eight steps 
of full adders attains to a huge area. There are few adding machines used in a 
package adding machineand also since it is a repetition of finite RATA 1 Nwiring 
between adding machine-adding machines is also easy. 

[0023]In this examplealthough the package adding machine of triplet 9 paragraph was 
usedif the technique of carrying out package addition is usedwhat is not blocked [ the 
blocked what bit thing or ] will be available. 
[0024] 

[Effect of the Invention]According to the invention concerning claim ladd operation 
processing of many paragraphs can be processed at high speed and simply by 
adopting the package addition technique. According to the invention concerning claim 
2the threshold arithmetic precision demand of a circuit which changes into a digital 
signal the analog signal used since 1-bit data can be added at high speed and simply 
and there is no dignity in each input may be loose. 

[0025]According to the invention concerning claim 3the number of lines outputted in 
order to process the continuous bit string collectively can be controlledpackage 
addition of the small number of outputs can be realizedand it can contribute to high- 
speed addition. According to the invention concerning claim 4since the averaging of 
the voltage by capacitive coupling is realizableaddition is realizable in a brief circuit. 
[0026]According to the invention concerning claim San operation can be easily done 
with the transistor of an MOS type [ input / by which averaging was carried out ]. 
According to the invention concerning claim 6since the surplus electric charge stored 
in the floating electrode via the switch can be abolished- ******** of a multi input is 
realizable with high reliability. With the function of a switchsince the subtracting 
function on a floating gate is realizablebrief circuitry is realized. 
[0027]According to the invention concerning claim 7the title between accuracy is 
solved by connection with the next step for "0" or "1" with a certainly binary output 
to be outputted for the circuitry which a positive feedback requires. It can contribute 
for it being suitable for pipeline processingsince clock control is easyand making it 



improvement in the speed. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] They are databit dataand a figure showing a bit group's concept. 
[Drawing 2] The key map of an adding machine is shown and drawing 2 (a) is a full 
adder used conventionally and 1 ******** which requires drawing 2 (b) for an 
example. 

[Drawing 3] It is a lineblock diagram of a circuit showing the 1st example of this 
invention. 

[Drawing 4] The circuit diagram of the sense amplifier type neurone MOS theory value 
circuit which can be used as a neurone MOS logical-decision circuit. 
[Drawing 5] The difference in the number of output lines according [ on addition of 
data of nine linesand ] to a basic element, (a) In the case of the package adding 
machine using the (c) 3 bit-group-ized technique when a full adder is used and (b) 1- 
bit package adding machine is used 

[Drawing 6] The circuit diagram of the package adding machine adding the data of nine 
lines formed into 3 bit groups. 

[Drawing 7] The circuit diagram at the time of using a sense amplifier type neurone 
MOS circuit in the logical-decision circuit of the package adding machine of drawing 6 . 
[Drawing 8] The timing chart between the stage 1 of the package adding machine of 
drawing 6 and the stage 2. 

[Drawing 9] Some measurement figures of the circuit of the stage 1 of the package 

adding machine of drawing 6 of operation. 

[Drawing 1 0] Calculation by writing of 16 bit multipliers, 

[Drawing 1 1] The package adding machine of 16 bit multipliers should put together. 
[Drawing 12] The package adding machine which performs addition of 33 lines should 
put together. 

[Drawing 13] The timing chart of the circuit of drawing 12 . 

[Drawing 14] Bara meter according to basic element of the adder unit of 64 bit 

multipliers. 
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-ai-P>MOS-fe>X7'>:/S!Is]»<D:fcfi©y— Kic 
[0010] 2 ©IIHi0iJ) 2 ©SIBtefiiJ 

3^lHsl»^col^T^•r6'«, *«B^3B«3t:-y h©^;u-3^ 

-¥>4tr->' KtD'?';l/-y'(bTt.<fel\ 9:i£7)— gJlD 

m^Wit LTffiU ±tf *£Oti, 9^— ai)Pll«« 3 b: <y h 

[0011] 3 If y h:?^p-y^fb-^SliDSl2lK<»:tt, Bu 
iHI2l2<7) (b) T'5^Lfc-SDPlllHli«®A£ll:^©tr-y h 
^ti-?'~ti6\ -^VU-^^^bi-tl/cf-y hli:«#SS;i6nfc 
lH]i»T»?.o c:<D3^P-;''J7<b£DSj]*ti1 If-y h©— fiJD 

S:l.^«a©llDIIlc»!|^(^J!jm«il»r«. ElSli, 3tf 



i»CD3B«7=^-^*9mn»-r*3!IHi:ot>T, ^iin»« 
•y h ^;U-yfb#^%fflt^fcJi^-?-n^+lltot^T5^ L 

[0 0 12] (a) 'iSLifdco^mn^^mi^tzm-^. ^'P 
©raft T'Ho fj:Si5«— ^(co* ^iip»s§3b'«— DseaiT'fe 

jeSiS^^^, WttES^fi LTL^^t^*I« 2 ® SflD^iDllS 

T6tT5A:^u 4^^<Die^:&^f, 3sati4?T®A±) 

So ^:©9^5f6^6^T^^S:U, •oL^T•4^T^c^s^:l^■5© 
li^ftPlISi? 3 A* 2 ttitllslttT** C i: icftttTK^ 
A'iaK, ?Ta*»^2/3-r-:3-M-:?TtKcii::S«=, 
[0 0 13] (b) iufBM 1 (Ommmic^^LTc 1 tl-y h 

—mm^m^mi^^t. c<o-fi)!in»«*i«9A^4iii 

( c ) *^ 2 (DmmmTm^^tn 3 t;--y h ©^^b-^'MbT' 
titPK^nso 'By:^i*\ 5 0 1 co-mmi^^o 3 t"-y 

h©<:^'yU-7^<b*n/£:«T±tffiEiJ 5 0 3 i: 3 If h©-?^ 
;l'-:/<b#nfcliPllie«5 0 2!B'^C«c:il::&«o c 
©<i; e iz: 3 e-y h 9 m(o—munmi. 9xti2 tatua^ 
trsii,tzis(>ic. 9n(DAt)7'-^^—mcrc-^rz2mz 

[0 0 14] laeii, 3lf-y h©y>l'-r'fblcJ:5 9?T 

;^7^— <!:Pf-K«^±^f{g^t (o~7) iiSESP6 0 1 1 
T.y'—y^itmsti^mMi^m (o~7) =&ait)-rsgp 

It. 7*©[ti*«?6 1 1 ~6 1 7i:6 2 1 ~6 2 7t|) 

rij ^di^LTi,^S4«?aT-5:iStiSo ::^7" 

-y 2 ©jDiitgini (-muMi^m-«ij±im^ x s ) 

:^tt-}il)Pll#Sllit (*ff±tffS^=X7^-i^i<3!)m:'D) 

NPUT/CARRYSEL ECTORJ 6 0 3T'fe 
So X5^->?1 <kX7^-v'2t*£-5et«t?lll«©m 
*<hy, 04'=ftfKT5^?n/c7-3©S]£L*L^'fi<DJI 

[0 0 15] E7li, mK^m^mm^tLZTz-D.- 
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K 7 0 2 lc±{3Slf -y hJb^e 4:2:1 i:t^5lS^S« 

>v>~x^'7 0 3, 7 0 4®y-hma<!:^oTi5y. ^■ 
od:::^— PVMOS h5>v'7.^<Dy-7,- KU-OF^ 
ai:>Dy-K7 0 5. 7 0 6<D1EffiM^^i:?-t*«c 

[0 0 16] :^mmm(r>M>7.T>-mmt. m 

L ? l^5ll»<0T-* -5 [HlSSS e ct 5 ^ SKTt J: < s 
n. - p > M O S Sa^ffi L-'Tfe «!: 

[0 0 17] 118l±. 7.7^->?2TCD«JI«^l|3EirSfc 

[0 0 18] 09ti. Xx— v*1 <D7O0[)-b>X7'>:^ 
©^■6. -SllP»i»g* (0~6 3) tCjRfU 7. 5tc*B 

Oil*, y-b-y h-^P'y^'. jftm9 0 2«^U^i'— >■ 
^'□•y^. •»fB9 0 3»4Jii|i^'P-y^'<DifimT'S«c 
JB9 0 4, 9 0 5ttA:>DLfc«ffTSy. L$t^'(i7. 

5 icfflarsiEiKiciiDnioiss 7 icfflar siEJEtSDii 

>X7'>:/lCl*. lin3l!B«A^2 3 i: 2 4 <tL^-5A^* 

?>o -t-yT.yyz^ommtiy- F©aysie*6^9 o 

;i/T-^©ies^5-y^LTi^So -rstj-e. roj <t 
rij iciJfe^n/cgP^^'^lg^^^^LTt^So r7j «-A 
^Lfcli^t rsj *A^Lfc«^Tm:?DeS<j«g|gL 
Tl^Sfc46. iEL< r?. 5 J ^ L*l^fil<!: LTSSWA^ 
^ftotlT^^^)^I<^:3b''to^)^S<, $fc. r2 3. 5j ©L* 
L^fiilCOL^Tt. r2 3j t r2 4j 



[0019] (ig 3 commm) *s6B^wm 3 ©siasijij 

[0 0 2 0] 1 6 ti >v h-*irSI©lS-g-^ TB o o t h 

D e c o d e r J tmtti^'^iRti^e^f^r^^m^m 

L^TSW^SIWrSt. El 0®<t-5tc«*9?TJcS|}B 

If -y h 9ff®-gliDlt»«'E1 1 1 CDJ:5(c|g*#t>-li:% 
(EtfjF S Ujb^-JSDPKSTiBS) CiT/cofc— 

[0021] *llfi6«IJT'{4. 3 tf-y h 9^©— SDDltil 
n{4:i:©<t33B:^JISIlJ:tmT*. mtf. 4t:'-yh 

1 7:5-^sllDlls*ffio^n(f•:*3 3 h©«ii«« 

HJ^T* So 6 4 ify h^imii. TB o o t h D e 
coderj ^^mr^^itT\ UK 3 3 ?T©?76''4t U 
SCtft^es 07©— }Sl)Dlltg*fflt^^<!:2S©— fiSP 
ltS©«a5f ^to-t+TH-lt*^SI?lT* Sc C ©ffi*i^fc-«+ 

I 2ic5^-rc ii©3.-'y h-«^s-3 tr-y h©^';i/-r 

StcBBSr-SJI <tT-6 4 kf-y hilllS©a«8JD»a5A^II 

[0 0 2 2] $/h. 1|&g<t:2Sg©— SJ)P»SP^«/\° 

-t'7'^'r>iiiStf'T#^ El 3ic^-rj:-5iciiftei2 
iftS©Hi«i +»--r^;u©-rnT'i!)f^r«o 

^Ctti^Wititl^. El 4tc5^Lfc©<)\ 64k!-y 

h 5i»«*«i^-r « fcA6^^fie5R©^lIPJls««t^fcJi 

tf-y h:/P-y'5'^b^L^U>[HlK©CiJ<»:LT©f^«<t 
LTE 3(07 Xtl3 tU:^©— gJ)PWS^ffll^fc«^<ts 
tl~>y y-ya-y^^itiiLZS^dy h 9?7©-iSl)D»fg*ffi 
fflLfc«^©*/'t^^— 5'©J±«T'*«o jSfil*. 15 
P ^©laftyU— ;L'©lH]Kl::-pi,^T -> 5 n U— > 3 >T 
3?46rcl|glRT-»*. Cap. Si[l4 v/ M O S ©S»©-y--< 

x*«-rt.©T'«/jN©x:^©s«-9-'rx* 1 1 ltl> 

So 7A^3tiJ:^©— SJlPllS§*ffl0^fcJf-&. 

at c M o s mm J: u ^±'>so^<)^ {SjS t-s s 5 

aft^fcSo 3 li'-y h 9?T-SJlPJtIs]K*ffiL^fi:t|^6V\' 

'r:r^'f>«isic<*:y«t,iSj$T'ii3n?#. cmos^ 

llPJIS©li^.»:J±« LT*?) 1 / 3 © h ^y~yx^»Tm 
7c«!5t§«. SS«*ilfeSiBS©3Sffl S £© D R A M 
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[0 0 2 31 *Slfi6«IJT'li. 3 tf-> h 9)S©-}gljnil« 
[0 0 2 4] 

ofUaicjaiST^So BI*«2(c«to««^lc<J:*i«. 

[0 0 2 5] n^m3izmt>^¥tBmzj:tii,t. mmLtc 

*js-n'>^t^a^»®-siraii3b'<ji3ST'*. BjSJphic 
»-^T'*5„ i«^^4icfig^D;5SgBstcj:n«\ saie^ 

[0 0 2 6] fia<^5lcfl^fe5«B^lCJ:n«\ JJP!I¥J9 

[0 0 2 7] nm.^7izmt>^umci:tiu. ^t^-^x-r 
y^'Tif'Jo!) roj t,L<tt rij m^iiiti-tti^Tcitxo^^i 



[01] tf-yh7=^— h-j^;i/-:7<Daufe 

[B2] tlPll3g(3[>«:^@«.^U 02 (a) (i{i!3lHs!^ 
*nT$/c^llPW«. E2 (b) tiUflSfiiJlcM*— siin 

[03] *5IWfl!)mia)SIJfifil^5^-ri2l»<D»imE7ife 

[04] -:i-P>MOSiaS>?{S[ElS»i:LTffifflT^ 
>7.7'>:7'SJ-3.-P >M O SiSfiil2lKOlElK0o 

[0 5] 9^T®x-4'<clJPl^(c^JL^Ta*JlE^^c<^:*^ii 

(a) ^inUfg^^Sffl LfcJi'S-. (b) 
1 If -y h-ailPIIS*«ffl Lfc«^. ( c ) 3 If h ^ 

[06] 3t:-y K^;l/-:r<tLfcT'— 5»*9mP»-r« 

[07] 06©-gl)Pl^s©iiis•;3lSIHl»^^:^^l^T^2> 

X7'>:^Si-a-P>MOSIsl»SffifflL fcH^OIUK 

0O 

[08] 06<D-glinlltl<D:^5^-i>~1 <t:Xx->>"2© 

[09] 06 o—miiamsi(r>x7'-y^ i ©laKo-gpo 

t!)fPSiJS0o 
[010] 1 6t:'y h^llS®»llo 

[011] 1 etfy h5iiiso-iSiiPll«o«*-&t> 

[012] 3 3?7©l)Pll*iT-p-SJPll«g©lfl*^*? 

[01 3] 01 2 0tHlK©-S"r5 ho 
[014] 6 4fcf>y h*IIS®llPllgP<7)«*JE?-SiJ<D/< 



[01] 



3fT(35l) 1^ II 111111 1 111 11 
mifitt: 111 1 111 11111 

iiiiiroiiii® 
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12] 



Ca) 



<b) 




[03] 



301 302 303 304 303 306 307 



— — — — ^— — — ' — — ' ^ -^JLO i^'*' 



-321 ^331 



Jf>— 



333 




[08] 





















Vth 
RST 


V 
PRC 
VDD 


n 

AMP 

Ca 

^ 


RST 
rry 








A* 




Vin 
RST 


V- 

PRC 


rH 

AMF 

1 


RST 
1 
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[SI4] 
VDD 
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me] 

Line 9 Line 8 Line 1 



601 



-.JD>T 



603 



602 







INPUT/CARRY SELECTOrC 



J L| I kfl B>- 



611 



617 



621 



627 



[@7] 



713 712 711 



Une 9 Une 8 ph^f^ 

i...n _Lii...±i! 



7^ 

701 



703 Output 
Q 



Vll Tir"TTI 




Vdd 



704 



Line 9 Line 8 



Output 



Une 1 



0] 



xxxxxxxxxxxxxxxx 



XXX 


XXX 


X 


X X 


XXX 


XXX 


XXX 


XXX 


XXX 


X X X X 


XXX 


XXX 


X 


X X 


XXX 


XXX 


XXX 


XXX 


XXX 


X X X X 


XXX 


XXX 


X 


X X 


XXX 


XXX 


XXX 


XXX 


XXX 


X X X X 


XXX 


XXX 


X 


X X 


XXX 


XXX 


XXX 


XXX 


XXX 


X X 


XXX 


XXX 


X 


X X 


XXX 


XXX 


XXX 


XXX 


XXX 




XXX 


XXX 


X 


X X 


XXX 


XXX 


XXX 


XXX 


X 




XXX 


XXX 


X 


X X 


XXX 


XXX 


XXX 


X X 






XXX 


XXX 


X 


X X 


XXX 


XXX 


XXX 








XXX 


XXX 


X 


X X 


XXX 


XXX 


X 



























X X X X 
X X 



9^T 



32n 



(9) 



1#M¥9--2448 7 5 



[g|9] 



Vth = 7.5/63 



Vto = 23.5/63 



ViH=7/63 ViN=8/63 Vin = 23/63 Vin»24«3 
^ ^ ►-^ ► 



<t)RS 

o 

5 

0 

ViN 5 
ViN 0 

VOUT 3 
VOUT 0 



E=zS 



■A 



i 



906-- 



907- 



901 
902 

903 

904 

905 



[SI 1] 

3bit 3bit 3blt 3bit 3blt 3bit 3bit 3bit 4bit 4bit 
9Ur>e gUne 9Line 9Llne 9Une OLine 7Une 6Line 4LJne 2Line 




4] 











Tr.tt Cap.-y-'fX 


Ful Adder 


% 


8 


8[ns] 


91.860 




% 


4 


12[ns] 


13.728 59.968 


3blt9fT-«ln»» 


% 


2 


3Insl 


36.288 285,768 
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n 2] 



3bit 33fTA* 




II 3] 



Vin 



Vin 





RST 


PRC 

VDO 


AMP 

Ca 


RST 
rry 


PRC 


AMP 






RST 


PRC 

VDD 


AMP 

Si 


im 






i 






RST 


PRC 
VDD 


AMP 
Ca 


RST 

rry 










RST 


PRC 

VDD 


AMP 

Si 


RST 

jm 

1 



(72)»B^# 'JxS J^i] 



